Abstract. Target detection, change detection, and region of interest extraction are important research areas in remote sensing image processing. In order to reduce computational redundancy and improve image processing efficiency and accuracy, visual saliency models are widely used in the preprocessing stage of these fields. In this paper, a novel of remote sensing salient map fusion method based on gradient optimization is proposed. The local and global salient maps are obtained by wavelet transform and spectral residual method. The gradient salient map is solved by the maximum gradient optimization, and the fused salient map is reconstructed by Haar wavelet. The experimental results show that the fused salient map can combine the effective information of local and global saliency maps, and the detection accuracy is better than the global saliency map or the local saliency map, which has a better effect than the salient map fused by the simple method.
Introduction
Visual saliency is closely related to how we perceive and process visual stimuli. It has been studied by many scholars in the fields of psychology [1, 2] , neurobiology [3, 4] , computer vision and so on. Visual saliency models are widely used in various fields of remote sensing image processing, including detection of salient targets [5, 6, 7] , region of interest (ROI) extraction [8, 9] , adaptive image fusion [10, 11] , Interest area extraction [12, 13] and so on.
The conventional methods of image saliency detection are mainly based on local or global saliency algorithms. Itti et al. [14] proposed a local salient method based on local contrast, which defines the saliency of an image by the rarity of the image region relative to the local region and obtains the local salient map by the center-surround differences of multi-scale image features. Harel et al. [15] proposed a feature maps normalization method based on Itti's model to solve the local saliency of the image. Liu et al. [16] proposed a saliency calculation method based on global contrast. The global salient map of image was obtained by linearly combining the contrast of Gauss image pyramid with the contrast of a region to be calculated and the whole image. Achanta et al. [17] proposed a frequency-tuned global salience map method, which defines saliency by the chromatic aberration of the average color of the pixel to be computed and the entire image. Each of these methods has its own advantages, but it does not fully highlight the saliency of the image target.
Information fusion method can obtain more optimal results than a single source according to certain fusion criteria. Conventional image fusion algorithms can be divided into pixel-based and region-based algorithms. In the pixel-based method, the simplest way to obtain the fused image is to take a weighted sum at each pixel position, which reflects the importance of the corresponding pixels in the input image. In region-based algorithms, in order to integrate information into a more comprehensive image, the input image is usually represented by pyramid or wavelet transform (WT) in a multi-resolution framework, and then the coefficients are operated by methods such as maximum or average to obtain the fused image. Naidu [18] proposes an image fusion method based on multi-resolution singular value decomposition (SVD). Firstly, the input image is decomposed into approximate and detailed coefficients (similar to wavelet decomposition), and then the average value of approximate coefficients and the maximum value of detail coefficients are selected at each level to fuse the image. Zheng et al. [19] proposed a multi-scale image decomposition rule based on principal component analysis (PCA). However, these methods do not combine or utilize the relevant information inside multiple salient maps.
In this paper, we propose a novel of remote sensing salient map fusion method based on gradient optimization. Firstly, the corresponding salient map is generated by WT and spectral residual (SR) methods, respectively. Then the salient map is used as input of the fusion method. In the fusion method, the salient map is fused in the gradient domain, the optimal fusion gradient is obtained from the maximum gradient magnitude of the salient map. Then the fused image is obtained by using the image reconstruction technology based on Haar wavelet. This method combines the effective information of local and global salient map and improves the accuracy of saliency detection.
Saliency Detection of Remote Sensing Image

Global Saliency Detection Based on the Spectral Residual Method
The saliency detection method based on SR interprets the image as foreground (salient part) and background. The method can accurately detect the background area of the image and the contour of the salient object, and the foreground part can be estimated by the obtained background area. 
where   
Rf is used to obtain the global salient map
Local Saliency Detection Based on Wavelet Transform
Because wavelet transform has the characteristics of multi-resolution, it has the ability to represent local information of signals in both time domain and frequency domain. Based on this, we propose a saliency detection method based on wavelet transform for detecting image saliency based on local contrast. The method is to construct a feature map by increasing the bandwidth or frequency components and according to the wavelet coefficients, as shown in Fig. 1 . Firstly, in order to make the color space more consistent with human visual perception, we transform the image from RGB color space to CLE Lab color space with brightness and two-color channels (RG and BY) for saliency calculation. To remove noise, we apply the 2D Gaussian low-pass filter to the input color image 
Salient Map Fusion Algorithm Based on Gradient Optimization
The gradient image describes the contour and detail information of the image. The salient object in the local salient map is more prominent as a whole, but the edge of the target is blurred and the background details are more, while the salient target in the global saliency map is clearer and the effect of background suppression is good, but the overall target is not obvious. Therefore we propose a salient map fusion method based on gradient optimization, which is shown in Fig. 2 . In this paper, the local salient map of an image is constructed by linear fusion of feature maps from WT. The calculation formulas are as follows: 
Using (10), the fused gradient of salient map can be expressed as follows: 
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The gradient reconstruction algorithm based on Haar wavelet proposed by Sevcenco et al. [21] is used to solve the problem. In this algorithm, the Haar wavelet decomposition coefficients of the salient map are obtained from the fused gradient. Then, the synthesis of these coefficients is done to produce the fused salient map. During synthesis, an iterative Poisson solver based on (15) is used at each resolution level to overcome the artifacts that might occur due to the fact that the fused gradients do not satisfy the zero curl condition. The recursion formula may be represented as:
where k is the iterative index. A very small number of iterations are required at each resolution, because a good initial point is provided thus leading to fast convergence. After equation (15), fused images obtained combine the correlation information of local salient map and global salient map.
Experimental Results
We collected 100 multispectral remote sensing images from [22] and Google Earth for algorithm testing. The ground-truth data used in the experiment are manually divided into salient regions and the background region. Some of the experimental data and ground-truth data are shown in Figure 3 . The experimental steps are shown in Figure 2 . The original image is processed by the WT method and the SR method to obtain local and global salient maps (Fig. 4) , and the corresponding saliency maps are fused by our method. For experimental comparison, salient maps are fused by three methods: average weight (Average), selecting the maximum pixel value (Max) and selecting the minimum pixel value (Min), see Fig. 5 . From figure 4 , we can clearly see that the salient object in the local salient map obtained by the WT method is more prominent as a whole, but the edge of the target is blurred and the background details are more, and the salient object contour in the global salient map obtained by SR method is clear, and the background suppression effect is good, but the whole object is not prominent enough. Compared with the simple weight (Average, Max, Min) fusion methods visually, the proposed method is superior to the former in highlighting the whole object, clear contour, and background suppression. 4 shows that the salient object in the local salient map obtained by the WT method is more prominent as a whole, but the edge of the target is blurred and the background details are more, and the salient object contour in the global salient map obtained by SR method is clear, and the background suppression is good, but the whole object is not prominent enough. From Fig. 5 , we can see that the method of visually comparing simple fusion (Average, Max, Min), the proposed method is superior to the former in highlighting the overall target, clear contour and background suppression.
Result Evaluation
To evaluate the fusion results quantitatively, we compared the precision-recall (PR) curves and receiver operating characteristic (ROC) curves of the fused image (Fig. 6) The curves in Figure 6 show that the experimental results of our proposed method are better than those based on global or local saliency methods and are also better than fused by simple (Average, Max, Min) methods.
Summary
We propose a local and global salient map fusion method based on gradient optimization. First, the local and global saliency maps of the remote sensing image obtained by WT and SR respectively, and salient map is used as input of fusion method. In the fusion method, salient map is fused in gradient domain, the optimal fusion gradient is obtained from the maximum gradient magnitude of the salient map, and the fused image is obtained by using the image reconstruction technology based on Haar wavelet. This method combines the effective information of local and global salient map, and improves the accuracy of saliency detection.
In the future work, we plan to study the efficient method of remote sensing salient map fusion including spatial relations and prior knowledge and hope to study saliency detection algorithm which can deal with complex background and large area remote sensing images, so as to improve the accuracy and generality of remote sensing image saliency detection.
